who continue to have low CD4 count despite HAART. 10 In Taiwan, cryptosporidia were detected in most of the surface water specimens. 11 However, intestinal cryptosporidiosis has rarely been reported among HIV-infected 12 and HIV-uninfected patients. In this retrospective study, we investigated the prevalence of intestinal cryptosporidiosis by retrospective case review and of intestinal colonization due to Cryptosporidium species by means of the polymerase chain reaction (PCR) and PCRrestriction fragment length polymorphism (RFLP) analyses among patients with HIV infection in Taiwan, a country where HIV-infected patients have free universal access to antiretroviral therapy and HIV care.
Materials and Methods

Retrospective case review of enteric cryptosporidiosis
The medical records of 1044 consecutive nonhemophiliac HIV-infected adult patients aged ≥ 15 years seen at the National Taiwan University
Hospital between 1994 and 2004 were reviewed. A standardized case record form was used to collect demographic information, clinical and immunologic status of HIV infection, laboratory data, and the presence of intestinal cryptosporidiosis. A standardized protocol was used to investigate the etiologic diagnosis of diarrhea among cases. 13 In brief, at least two stool specimens were obtained for bacterial cultures for patients with diarrhea. Concentrated wet mount preparations of stool specimens were examined by direct microscopy. Fecal smears were stained with modified acid-fast.
Upper gastrointestinal endoscopy and colonoscopy and biopsy for histopathologic examination were performed when routine examinations of the stool specimens remained nondiagnostic in patients who had persistent diarrhea. A patient was diagnosed as having intestinal cryptosporidiosis when cryptosporidia were identified in stool or biopsy specimens from patients with diarrhea.
Intestinal cryptosporidial colonization in asymptomatic HIV-infected persons using PCR and PCR-RFLP
Between 2001 and 2003, stool specimens were prospectively collected from 332 HIV-infected patients without diarrhea who were followed at this hospital after diagnosis of HIV infection for investigation of amebic infection. 14 The institutional review board of the hospital approved the study protocol. Total DNA was isolated from fresh stool specimens by the diatom beads adsorption of nucleic acid in the presence of guanidine thiocyanate and Nonidet P-40 as described elsewhere. 14 The presence of cryptosporidial nucleic acid in the stool samples was demonstrated by nested PCR developed by Xiao et al 15 with modifications using 18S rRNA gene as the template. Forward primer 5'-TTCTAGAGCTAATACATGCG-3' and reverse primer 5'-CCCTAATCCTTCGAAACAGGA-3' were used for the primary amplification. A total volume of 100 μL of reaction mixture containing 0.4 μM primers, 1X PCR buffer, 6 mM MgCl 2 , 2 μL DNA sample, 0.2 mM dNTP (each) and 2.5 U of Taq polymerase (5 U/μL; Invitrogen™ Life Technologies, Brazil) was used. The reaction consisted of 35 cycles of denaturation at 94°C for 45 seconds, annealing at 59°C for 45 seconds, extension at 72°C for 60 seconds, with an initial denaturation at 94°C for 3 minutes and a final extension at 72°C for 7 minutes. In the secondary amplification, forward primer 5'-GGAAGGG-TTGTATTTATTAGATAAAG-3' and reverse primer 5'-AAGGAGTAAGGAACAACCTCCA-3' were employed, and the reaction conditions were the same as for the primary reaction, except that 4 mM MgCl 2 was used. For restriction fragment assays, 10 μL each of the secondary PCR products were digested in a 20 μL volume with 5 U of Ssp I (New England BioLabs, USA) and Vsp I (MBI Fermentas, USA) at 37°C for 1 and 4 hours, respectively. The digested products were fractionated on 3% gel (3:1 Nusieve agarose) and visualized by ethidium bromide staining.
Results
The demographic and clinical characteristics of the two study populations are shown in the 
*Data presented as median (range) or %. IDU = injection drug use; PVL = plasma HIV-RNA load by RT-PCR; AIDS-OI = AIDS-defining opportunistic illnesses of CDC
able to identify the four isolates as C. hominis (2), C. felis (1), and C. meleagridis (1) (Figure 2 ). All of the four patients were receiving HAART, and their mean CD4 count had increased to 230 cells/μL when they submitted stool specimens for investigation. None of them had ever been diagnosed as having cryptosporidiosis before.
Discussion
Cryptosporidium spp. appeared to be infrequent etiologies in patients seeking medical care for diarrhea in Taiwan. In a survey investigation using modified acid-fast smears of stool specimens of 1485 patients with diarrhea that was conducted in five major hospitals in Taipei in 1990, only six (0.4%) tested positive for cryptosporidia. 17 In this study, we also found that the prevalence of enteric disease and colonization due to Cryptosporidium spp. was low through a 10-year retrospective case review and 3-year prospective survey of stool specimens among HIV-infected patients in Taiwan.
There are several explanations for the low prevalence of enteric disease and colonization due to Cryptosporidium spp. among HIV-infected patients in Taiwan. The lower prevalence of infection may be because of lower risk of exposure to contaminated water in Taiwan. Although a high frequency of cryptosporidia can be found in the untreated (77%) and treated (76%) water specimens collected from potable water treatment plants in Taiwan, 11 people in Taiwan are not used to drinking unboiled tap water. Risk of infection due to Cryptosporidium spp. can be eliminated by boiling of drinking water. Under-detection by microscopy might account for the low rate of cryptosporidiosis in HIVinfected patients in our study and for that in the HIV-uninfected patients with diarrhea in Taiwan mentioned previously. 16 However, our step-wise approaches to those immunosuppressed patients with chronic diarrhea through performance of endoscopy and biopsy should be able to provide appropriate diagnostic yields. 13 Though a small sample size, an investigation of stool specimens of 109 asymptomatic school children in mountainous schools in Taiwan of HIV-infected patients, which may confer those persons protection from cryptosporidial infection and subsequent development of diseases. [7] [8] [9] [10] After HIV infection is diagnosed, the majority of our patients initiate HAART with increases of CD4 count. Therefore, the risk for persistent colonization due to cryptosporidia and subsequent development of enteric disease will be significantly reduced.
There are several limitations in our study, and the results should be interpreted with caution. Although the hospital provided both inpatient and outpatient services to HIV-infected patients all around Taiwan, we did not specifically investigate whether the risk for cryptosporidiosis was related to their place of residence because the degree to what extent the surface water was contaminated might be different and their residence might change. This study of identification of cases of cryptosporidiosis in HIV-infected patients was retrospective in study design at a referral center for HIV care; cases of cryptosporidiosis in patients in the earlier stages of HIV infection may not be identified. In the detection of intestinal cryptosporidial colonization, a cross-sectional survey may not be able to detect patients who intermittently shed cryptosporidia and, therefore, the prevalence of cryptosporidial infection may be underestimated. Longitudinal follow-up of HIVinfected patients using PCR and RFLP that is more sensitive than microscopy may provide a more complete insight into the epidemiology of enteric cryptosporidial infection in HIV-infected patients in Taiwan.
